SUMMARY
The nonionic detergent Triton X-100 has been found to solubilize readily the pig heart 2-oxoglutarate dehydrogenase complex from the protamine precipitate eluate. A highly active preparation was obtained from the Triton X-100 extract by calcium phosphate gel-cellulose column chromatography.
The complex was first separated into lipoamide dehydrogenase and a colorless fraction by fractionation on a calcium phosphate gel-cellulose column in the presence of 2.5 M urea. Then, the latter fraction was further dissociated into two additional components, 2-oxoglutarate dehydrogenase and Iipoate succinyltransferase, by Sepharose 6B gel chromatography at pH 7.0 in the presence of 0.7 M guanidine hydrochloride, 0.5 % Triton X-100, and 2 mu dithiothreitol. When mixed at neutral pH, the three isolated enzymes reassociated spontaneously to produce a large unit functionally and structurally resembling the native complex. The complex was also reconstituted from the colorless fraction and lipoamide dehydrogenase.
Reconstitution experiments indicated that 2-oxoglutarate dehydrogenase and lipoamide dehydrogenase did not combine with each other but each of these enzymes did combine with lipoate succinyltransferase.
Electron micrographs of the complex negatively stained with 0.25% sodium phosphotungstate (pH 7.2) showed a polyhedral structure with a diameter of about 260 A. This suggests symmetrical distribution of morphological subunits around the core of a polyhedron with dimensions and appearance similar to that of the isolated lipoate succinyltransferase molecule, which is 117 A in diameter. Biochemical and electron microscopic data indicate that the complex is a mosaic comprising 1 molecule of lipoate succinyltransferase, 6 molecules of 2-oxoglutarate dehydrogenase, and 6 molecules of lipoamide dehydrogenase.
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As reported in previous papers of this series (l-4) , the enzyme systems which catalyze a coenzyme A-and nicotinamide ndenine dilmcleotide-linked oxidntive decnrboxylntion of pyruvnte and Z-oxoglut,arate (Reaction 1) in pig heart tissue have been isolated from the Keilin-Hartree preparation as soluble multienzyme complexes with molecular weights of several million.
lt-CO-COO13
+ CoA-SH + NAD+ -+ R-CO-S-CoA + COz + NADH + II+ (1) I<. = CHI-or HOOC-(CII,), Subsequently, the pyruvate dehydrogenase complex has been separated into three component enzymes and reassembled from these isolated enzymes (4) . Recently, the isolation procedure for the 2-oxoglut'arate dehydrogenase complex previously reported (3) has been improved by a solubilization of the complex from the protamine precipitate eluate with Triton X-100 instead of the freezing and thawing procedure a.nd ultracentrifuga,tion. This complex has been further separated into three component enzymes and reassocisted from these enzymes. The present paper deals with the improved isolation procedure, nnd resolut,ion and reconstitution studies of the 2-oxoglutarnte dehydrogennse complex.
Some of this Fork has already been reported in brief (5 (l-6) .
All solutions were prepared with distilled and deionized water; 0.05 M potassium phosphate buffer used for the solvent and dialyses of enzyme preparations contained 0.5 mM EDTA.
ilfeethods-Protein was determined by the phenol method (7) with crystalline bovine serum albumin as the standard. Cakium Mammalian a-K&o Acid Dehydrogenase Complexes. VII Vol. 247, No. 12 phosphate gel suspended on nonionic cellulose powder (Whatman Chromedia CF I or CF II) was prepared as described by Koike and Hamada (8) . Protein-bound lipoic acid content was determined after alkaline hydrolysis (2) as described by Gunsalus, Dolin, and Struglia (9) . Flavin content was determined by the method of Beinert and Page (10) and thiamine-PP content by the method of Kaziro (11) with pyruvate decarboxylase (2-0x0-acid carboxy-lyase, EC 4.1.1. l), which was prepared by the modified procedure (12) of Green, Herbert, and Subrahmanyan (13). Thiamine-PP was also assayed spectrofluorometrically after conversion to thiamine by takadiastase by the thiochrome method of Fujiwara and Matsui (14) . Ultracentrifugal analyses were performed at 3-7" in a Beckman model E analytical ultracentrifuge equipped with schlieren and Rayleigh optical systems. Sedimentation coefficients were calculated and corrected as described by Schachman (15). Molecular weights were determined by the meniscus depletion sedimentation equilibrium method described by Yphantis (16). For the equilibrium runs, the An-D rotor was used at higher speeds with a 12.mm sixchannel Kel-F or filled Epon centerpiece and sapphire windowrs, while at speeds below 12,000 rpm the heavy An-J rotor was used. Weight-average molecular weights were represented as the average of those obtained from each of three black fringes. Errors were indicated as standard deviations from the mean molecular weight.
In the calculations of sedimentation coefficients and molecular weights, the partial specific volume (F) was assumed to be 0.73 ml per g. Electron microscopy of the specimen negatively stained with 0.25 y0 sodium phosphotungstate (pH 7.2) essentially as described by Hayakawa et al. (4) was performed in a JEM model 7A electron microscope operating at 80 kv.
Enzyme Assays-Ferricyanide-linked 2-oxoglutarate dehydrogenase activity was measured spectrophotometrically as described by Massey (17) .'-Lipoate succinyltransferase (succinyl-Coh:dihydrolipoate X-succinyltransferase) assay was a modification (3) of the procedure described by Smith (16) . The reaction mixture (1.0 ml) contained 100 pmoles of Tris-HCl buffer (~11 7.2), 180 pmoles of potassium succinate (pH 7.2), 10 pmoles of magnesium chloride, 6.5 pmoles of potassium ATP (pH 7.0), 0.1 pmole of CoA, 10 pmoles of nn-dihydrolipoamide, 5 units of Escherichiu coli succinyl-CoA synthetase (succinate: CoA ligase (4DP), EC 6.2.1.5), 0.13 pmole of dithiothreitol, and 2 mg of bovine serum albumin.
The mixture was incubated for 30 min at 30" and then assayed for succinylthioester (19) . All other assays were carried out as described in previous papers (2, 3, 6) . Specific activities are expressed as micromoles of substrates utilized or products formed per hour per mg of protein.
RESIJLTS

Purification of %Oxoglutarate Dehydrogenase Complex
Preparation of the amber extract of the pig heart KeilinHartree preparation (20) and subsequent protamine sulfate fractionation were carried out essentially as described in previous papers (2, 3).
Step I: Protamine Precipitate Eluate-The first protamine precipitate resulting from the addition of 0.01 volume of 2% protamine sulfate solution (pH 5.0) to the amber extract was suspended in 0.1 RI potassium phosphate buffer (pH 7.0) equal to 0.05 volume of the amber extract and homogenized with a Teflon pestle homogenizer.
The homogenate was dialyzed against 0.05 M potassium phosphate buffer (pH 7.0) overnight at 0" and then centrifuged for 20 min at 27,000 x g. The supernatant solution denoted as the protamine precipitate eluatc was kept at -20" for 3 days.
Step 2: Triton X-100 Extraction-To 120 ml of the protamine precipitate eluate containing 4.7 g of protein, 21 ml of 20% Triton X-100 in 0.05 M potassium phosphate buffer (pH 7.0) was added, to give a final concentration of 3%. The mixture was homogenized with a Teflon pestle homogenizer for 5 min, stirred for 1 hour, and then centrifuged for 30 min at 27,000 x g. The supernatant solution, denoted as Triton X-100 extract, was diluted to give a protein concentration of 20 t<o 30 mg per ml with 0.1 M potassium phosphate buffer (pH 7.5).
Step 3: First Calcium Phosphate Gel-Cellulose Column Chromafography-Approximately 1 g of protein of Triton X-100 extract was applied to a column (4 x 8 cm), of calcium phosphate gelcellulose (less than 1 month old) which had been washed previously with about 200 ml of 0.1 M potsssium phosphate buffer (pH 7.5). The column was then washed with 5 t'o 7 column volumes of the same buffer, leaving a bright yellow band in the upper part of the column. The yellow fluorescent baud was eluted with a solution of 4% ammonium sulfate in 0.1 M potassium phosphate buffer (pH 7.5). The yellow eluntes from five such columns lvere combined, and fractionated with ammonium sulfate between 0.24 and 0.29 saturation.
The precipitate was collected by centrifugation for 15 min at 27,000 x g, a.nd dissolved in a. small volume of 0.05 M potassium phosphate buffer ($1 7.0). After overnight dialysis against the same buffer the solution was centrifuged for 20 min at 27,000 x g to remove insoluble materials.
Step 4: Second Calcium Phosphate Gel-Cellulose Column Chromatography-To 15 ml of the yellow supernatant solution from the previous step containing 545 mg of protein, 2.65 ml of 20% Triton X-100 solution were again added, and the mixture was frozen for several days at -20".
After thawing the mixture was homogenized and centrifuged. The supernatant solution was applied to a calcium phosphate gel-cellulose column (4 x 8 cm) and fractionated as described at Step 3. The yellow eluate was concentrated by ammonium sulfate precipitation between 0.24 and 0.29 saturation, and the yellow precipitate was dissolved in a small volume of 0.05 M potassium phosphate buffer (pH 7.0), followed by dialysis overnight against the same buffer. Any insoluble material was removed by centrifugation.
A summary of the purification is given in Table I . The purified preparation was bright yellow and highly fluorescent, and was nearly homogeneous as revealed by ultracentrifugation with s~o,~ = 31.5 S (cf. Fig. 2A ). The weight-average molecular weight of the complex was 2.706 + 0.015 million and this value was very close to that reported in a previous paper (3). The preparation was stored at -20' and lost less than 10% of its act'ivity in 1 month.
Resolution and Reconstitution
Resolution of 2-Oxoglutarafe Dehydrogenase Complex with 2.5 .v Urea-The complex was dissociated into two components, the colorless fraction and lipoamide dehydrogenase, by a modification of the procedure of Massey (17) . A solution containing 100 mg of the complex in 3.2 ml of 0.05 nf potassium phosphate buffer (pH 7.0) containing 0.5 m&f EDTA was mixed with an equal volume of a solution of 5 M urea and 2% ammonium sulfate in 0.1 M potassium phosphate buffer (pH 7.5). The mixture was applied to a calcium phosphate gel-cellulose column (4 x S cm), Issue of June 25,1972 Tanaka et al. 4045 which had been previously washed successively with 200 ml of 0.1 M potassium phosphate buffer (pH 7.5) and 10 ml of a solution of 1% ammonium sulfate in 0.1 M potassium phosphate buffer (pH 7.5). After adsorption of the protein, the column was washed with 17 ml of a solution of 2.5 M urea and 1 y. ammonium sulfate in 0.1 M potassium phosphate buffer (pH 7.5), and then with a solution of 1% ammonium sulfate in 0.1 M potassium phosphate buffer (pH 7.5). A colorless protein was eluted, leaving a broad yellow, fluorescent band on the column.
Immediately after elution, the colorless fraction, comprising about 60 mg of protein in a volume of 60 ml, was collected by ammonium sulfate fractionation between 0.23 and 0.50 saturation. The precipitate was dissolved in a minimum volume of 0.05 M potassium phosphate buffer (pH 7.0) and dialyzed overnight against the same buffer. Any insoluble material was removed by centrifugation. The yellow fluorescent band was then eluted with a solution of 4% ammonium sulfate in 0.1 M potassium phosphate buffer (pH 7.5). The eluate, comprising 15.7 mg of protein in a volume of 60 ml, was concentrated by ammonium sulfate fractionation between 0.4 and 0.8 saturation. The precipitate was dissolved in a small volume of 0.05 M potassium phosphate buffer (pH 7.0) and dialyzed against the same buffer.
Recovery of protein, coenzyme composition, and enzymatic activities of the component enzymes from the complex are summarized in Table II . The colorless fraction contained most of the protein-bound lipoic acid and thiamine-PP found in the complex and exhibited both 2-oxoglutarate dehydrogenase and lipoate succinyltransferase activities.
Lipoamide dehydrogenase contained most of the FAD in the complex and exhibited lipoamide dehydrogenase activity.
Resolution of Colorless Fraction with 0.7 M Guanidine Hydro- Fractions 19 to 25 exhibiting high 2-oxoglutarate dehydrogenase activity were combined and applied to a calcium phosphate gel-cellulose column (3.0 X 2.6 cm) which had been previously equilibrated with 0.02 M potassium phosphate buffer (pH 7.0). After adsorption of the protein the column was washed with 34 ml of 0.05 M potassium phosphate buffer (pH 7.0) to remove Triton X-100 and then the active protein was eluted with 0.25 M potassium phosphate buffer (pH 7.0). The enzyme protein was collected by ammonium sulfate fractionation between 0 and 0.40 saturation.
The precipitate was collected by cen- by Sepharose 6B gel chromatography in the presence of 0.7 M guanidine hydrochloride, 0.5% Triton X-100, and 2 mu dithiothreitol.
First, about 80 ml of Sepharose 6B gel suspended in 0.05 M potassium phosphate buffer (pH 7.0) was added to a jacketed glass chromatographic tube (2.2 x 46 cm). The column was allowed to pack and then washed with about 120 ml of a solution of 2 mM dithiothreitol in 0.05 M potassium phosphate buffer (pH 7.0). On this column, another 80 ml of Sepharose 6B gel, which had been previously washed four times with 60 ml of a solution of 0.7 M guanidine hydrochloride in 0.05 M potassium phosphate buffer (final pH 7.0) containing 0.5% Triton X-100 and 2 mM dithiothreitol, were poured in layers. The column was allowed to pack overnight by gravity and cooled to 7". The mixture of 2.2 ml of the colorless fraction containing 50 mg of protein, 1 mg of dithiothreitol, 1.13 ml of 2.1 M guanidine hydrochloride in 0.05 M potassium phosphate buffer (pH 7.0) and 0.085 ml of 20% Triton X-100 in 0.05 M potassium phosphate buffer (pH 7.0) was applied carefully on the column.
After this mixture had passed over the column, the column was developed successively with 20 ml of a solution of 0.7 M guanidine hydrochloride in 0.05 M potassium phosphate buffer (final pH 7.0) containing 0.5yo Triton X-100 and 2 mM dithiothreitol and then with 110 ml of a solution of 2 mM dithiothreitol in 0.05 M potassium phosphate buffer (pII 7.0). Immediately after elution, each 5-ml fraction was exhaustively dialyzed overnight against three changes of 1 liter of 2 mM mercaptoethanol in 0.05 M potassium phosphate buffer (pH 7.0). The protein, enzymatic activity, and elution profiles of a Sepharose 6B chromatographic separation of the colorless fraction into two components are given in Fig. 1 Fractions of 5 ml were collected at a flow rate of 30 ml per hour. The void volume of the column was 50 ml. Immediately after elution, each fraction was dialyzed against a solution of 2 mM mercaptoethanol in 0.05 M potassium phosphate buffer (pH 7.0). Then, protein concentration (n----n), and lipoate succinyltransferase (O-O), and 2-oxoglutarate dehydrogenase (O-O) activities .
~. in the effluent were examined as described under "Experimental Procedure."
The details of the gel chromatography are described in the text. patterns obtained with the 2-oxoglularate dehydrogenase complex, its component enzymes, and the reconstituted complex. A, the native complex after 24 min at 47,660 rpm; B, the reconstituted complex after 24 min at 47,660 rpm; C, the colorless fraction after 23 min at 47,660 rpm; D, lipoamide dehydrogenase after 72 min at 59,780 rpm; E, lipoate succinvltransferase after 3G min at 52,640 rpm; and F, 2-oxoglutarate dehydrogenase after 42min at 59,780 rpm. Protein concentrations were, respectively, 0.69, 0.69, 0.62, 0.55, 0.8, and 0.25 g/100 ml of 0.05 M potassium phosphate buffer (pH 7.0). trifugation and dissolved in approximately 3 ml of 0.05 M potassium phosphate buffer (pH 7.0). After dialysis any insoluble material was removed by centrifugation and the supernatant solution \vas again centrifuged for 40 min at 160,000 x g in a No. 50 rotor of a I'teckman model L-2 ultracentrifuge to remove faster moving components.
Fractions 13 to 17 exhibiting high lipoate succinyltransferase activity were also concentrated as described above. However, this enzyme was eluted from a similar column with a solution of 6oj, ammonium sulfate in 0.1 M potassium phosphate buffer (pH 7.5) and was collected by ammonium sulfate fractionation between 0.23 and 0.50 saturation.
The precipitate was dissolved in a small volume of 0.05 M potassium phosphate buffer (PI-I 7.0) and dialyzed against the same buffer. Any insoluble material was removed by centrifugation.
Recovery of protein, coenzyme composition, and enzymatic activities of the component enzymes from the complex are shown in Table II .
It is apparent that lipoate succinyltransferase contained all the protein-bound lipoic acid found in the colorless fraction and 2-oxoglutarate dehydrogenase contained all of the thiamine-PP.
Properties OJ" Native Complex and Its Components-The three isolated component enzymes and the colorless fraction retained their proper enzymatic activities (Table II) , and possessed the ability to produce a large unit functionally and structurally resembling the native complex as mentioned in the next paragraph.
The isolated component enzymes from the 2-oxoglutarate dehydrogenase complex were homogeneous upon ultracentrifugation.
The sedimentation patterns and sedimentation coefficients of these enzyme preparations are presented in Fig. 2 Reassociation of Three Component Enzymes-All three component enzymes were required to exhibit CoA-and NAD-linked oxidative decarboxylation of 2-oxoglutarate (Reaction 1). Association of three component enzymes to reconstitute the complex has been attempted and confirmed by the following experiment. A mixture containing 3.0 mg (35.7oj,) of lipoate succinyltransferase and 3.4 mg (40.5%) of 2-oxoglutarate dehydrogenase was incubated for 15 min at O", followed by addition of 2.0 mg (23.8 %) of lipoamide dehydrogenase.
The mixture was then diluted to a final volume of 1.8 ml with 0.05 M potassium phosphate buffer (pH 7.0), and centrifuged for 150 min at 160,000 x g in a No. 50 rotor of a Beckman model L-2 ultracentrifuge.
The yellow pellet was dissolved in 1.8 ml of 0.05 M potassium phosphate buffer (pH 7.0) and recentrifuged under the same conditions to remove any noncombined excess of 2-oxoglutarate dehydrogenase and lipoamide dehydrogenase.
The second pellet was redissolved in an appropriate volume of 0.05 M potassium phosphate buffer (pH 7.0). As given in Table IV, the coenzyme  compositions and enzymatic activities of the reconstituted complex were in good agreement with the values of the native complex (cf. Table II) . About 90% of the over-all reaction activity of the native complex could be restored by the reconstituted complex.
The sedimentation pattern of the reconstituted complex showed a single boundary with szo,W value of 32.1 S, which was very close to that of the native complex (Fig.  2B) . The weight-average molecular weight of the reconstituted complex was 2.495 f 0.011 million and the value was very close to that of the native complex.
From the nearest integer of the protein-bound coenzyme content per mole of the complex and various enzymatic activities, the reconstituted complex appeared to be an enzyme mosaic which was reconstituted by noncovalent binding of 1 molecule of lipoate succinyltransferase, 6 molecules of 2-oxoglutarate dehydrogenase, and 6 molecules of lipoamide dehydrogenase.
It must be emphasized that 2-oxoglutarate dehydrogenase and lipoamide dehydrogenase did not combine with each other directly, but did combine with lipoate succinyltransferase. The direct evidence for the latter has been confirmed by the following experiments.
First, the colorless fraction, which is a lipoate succinyltransferase-2-oxoglutarate dehydrogenase subcomplex, was prepared by mixing of 2.5 mg (47%) of lipoate succinyltransferase and 2.8 mg (53%) of 2-oxoglutarate dehydrogenase, followed by ultracentrifugation, as described above. The coenzyme compositions, enzymatic activities, and sedimentation coefficient of the reconstituted colorless fraction were in very good agreement with those of the native colorless fraction as Fig. 2C ). The lipoate succinyltransferase-lipoamide dehydrogenase subcomplex denoted as the yellow fraction was prepared by mixing of 3.0 mg (60%) of lipoate succinyltransferase and 2.0 mg (40%) of lipoamide dehydrogenase, followed by ultracentrifugation as above. The resultant yellow pellet was homogeneous upon analytical ultracentrifugation with .sz~,~ value of 23.9 S (Fig. 3B) , and exhibited lipoate succinyltransferase and lipoamide dehydrogenase activities (Table IV) , suggesting the binding of these two enzymes. As reported in a previous paper (6), the lipoamide dehydrogenase was interchangeable with that of the pyruvate dehydrogenase complex; however, the other two component enzymes were not.
Reassociation of Colorless Fraction and Lipoamide Dehydrogenase-The complex could be reconstituted from the colorless fraction, lipoate succinyltransferase-2-oxoglutarate dehydrogenase subcomplex, and lipoamide dehydrogenase.
A mixture of 3.0 mg (677,) of the colorless fraction and 1.5 mg (33%) of lipoamide dehydrogenase was centrifuged as described above. The properties of the yellow pellet were very similar to those of the native complex (Table IV) A mixture of 0.4 ml of an enzyme solution containing about 40 -50pg of protein in a solution of 0.0015y0 sucrose in 1.25 mM potassium phosphate buffer (pH 7.0) and 0.4 ml of 0.5% sodium phosphotungstate solution (pH 7.2) was cooled to 0" and sprayed on a moistened Butvar 98 film, supported on a carbon-stabilized net of Butvar 72A mounted on a copper grid by a multiple spraying apparatus (4). After 2 to 5 min the specimen was examined in an electron microscope.
The micrographs were taken at an electron optical magnification of 100,000 times. A, lipoate succinyltransferase (X 300,000); B, its selected individual image (circled in A) showing a tetramer structure (X 600,000) ; and C and D, selected individual images of the 2-oxoglutarate dehydrogenase complex which has the core (arrow) (X 600,OCO). phosphotungstate (pH 7.2) show a tetramer structure with a side of about 117 A (Fig. 4, A and B) . These images are strikingly similar to those with E. coli lipoate acyltransferases (21-23) and the beef kidney liponte succinyltransferase (23, 24) . Other images, however, having the appearance of two parallel rows of subunits can not be seen in an electron micrograph of the pig heart lipoate succinyltransferase (Fig. 48 ). By analogy with the structural analysis of the E. coli lipoate succinyltransferase (25), the images of the pig heart enzyme very likely correspond to a 4-fold view of a cube consisting of eight morphological subunits. The 2-oxoglutarate dehydrogenase complex has a polyhedral structure with a diameter of about 260 , 4 (Fig. 4, C and 0) . In these photographs lipoate succinyltransferase particle seems to correspond to the core (arrow) of the polyhedron which has the same average dimension and closely resembles the appearance of this particle. The peripheral morphological subunits with a diameter of about 70 A presumably correspond to the molecules of 2-oxoglutamte dehydrogenase and lipoamide dehydrogenase. The appearance of the isolated lipoamide dehydrogenase is quite similar to that from the pyruvate dehydrogenase complex (4), however, the appearance of the isolated 2-oxoglutarate dehydr genase is not yet known because of aggregation of this enzyn molecule during staining. It was also difficult to obtain satisfactory electron micrograph of the reconstituted compll and its subcomplexes as the two component enzymes tended dissociate from the core enzyme during staining. These o servntions suggest that the molecules of the 2-oxoglutara dehydrogenase and lipoamide dehydrogenase are distributed in regular manner on the surface of the molecule of lipoate su cinyltransferase and are bound noncovalently to it.
DISCUSSION
It was essential to repeat freezing and thawing at least sever times to solubilize the 2-oxoglutarate dehydrogenase compll from the pig heart Keilin-Hartree preparation. By contraf the pyruvate dehydrogenase complex was released by freezti and thawing only two or three times as reported in a previo paper (3) . The concomitant loss of 2-oxoglutarate dehydr genase activity was always increased in proportion to the numb of times of freezing and thawing. This difficulty was overcon by employing the nonionic detergent Triton X-100 instead freezing and thawing procedure and ultracentrifugation. I this improved procedure the recovery of the complex from tl protamine precipitate eluate was more than doubled witho appreciable loss of the 2-oxoglutarate dehydrogenase activit
The lipoic acid-mediated over-all oxidation of 2-oxoglutara (Reaction 1) is apparently analogous to pyruvate oxidation ( 26) and catalyzed by three component enzymes, 2-oxoglutara dehydrogenase, lipoate succinyltransferase, and lipoamide deh drogenase, which act sequentially. This paper reports th mammalian 2-oxoglutarate dehydrogenase complex was separat into three active component enzymes and reconstructed fro these isolated enzymes. Also the stoichiometry of the resolutil and reconstitution of the mammalian multienzyme complex h been shown. Binding studies indicate that the 2-oxoglutara dehydrogenase complex contains a core consisting of 1 molecl of lipoate succinyltransferase, to which 6 molecules of each of t other two component enzymes, 2-oxoglutarate dehydrogena and lipoamide dehydrogenase, are noncovalently bound. Thl the core enzyme, lipoate succinyltransferase plays a catalytic a1 structural role, as shown by reconstituting both the color16 fraction, lipoate succinyltransferase-2-oxoglutarate dehydr genase subcomplex, and the yellow fractions, lipoate succin: transferase-lipoamide dehydrogenase subcomplex, from t isolated component enzymes. We have not yet investigated t binding sites of the two component enzymes on lipoate succin; transferase. These results confirm and extend previous studi by Massey (17) and by Mukherjee el al. (27) on the mammali, and bacterial 2-oxoglutarate dehydrogenase complex.
As mentioned in this paper, the biochemical studies indica that the mammalian 2-oxoglutarate dehydrogenase complc like the mammalian and bacterial pyruvate dehydrogena complex (4, 26) , is an organized mosaic of enzymes in which t component enzymes are arranged to allow efficient coupling the individual reactions catalyzed by three component enzyml This concept was confirmed and extended by electron microsco; which was employed for a study of the macromolecular structL of the E. coli pyruvate and 2-oxoglutarate dehydrogenase COI plexes (21-23). The gross appearances of the pig heart oxoglutarate dehydrogenase complex and isolated lipoate s\ cinyltransferase closely resemble those of the E. coli tr-keto a(
